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I. INTRODUCTION
Time of flight (TOF) measurements can be used to improve the signal to noise ratio of PET images. TOF PET scanners are increasingly adopting silicon photomultipliers (SiPM). One-to-one coupling SiPMs with scintillator crystals can enable precise timing measurements, but requires a high number of high bandwidth analog readout channels, making scaling to a system level difficult.
To reduce the number of high bandwidth analog channels, other work presented at this conference has shown that SiPM timing channels can be multiplexed while maintaining good timing resolution [1] . However, to reduce the effects of baseline fluctuations seen at high multiplexing ratios, a baseline correction algorithm that requires waveform sampling of the SiPM output was used to generate time stamps (see Figure 1 ). Baseline fluctuations are more prominent in multiplexed SiPMs because each additional SiPM adds its dark counts to the timing channel, and adds capacitance that slows the decay of the dark count waveforms. Previous works have shown that filtering SiPM waveforms can create much shorter SiPM micro-pixel waveforms while maintaining good timing performance [2] [3]. Very short SiPM dark count pulses would have a lower probability of affecting the baseline of good events in the PET detector.
The aim of this work is to demonstrate that filtered multiplexed SiPM timing channels can achieve fast timing performance without baseline correction algorithms or waveform sampling readout electronics. Such a scheme could greatly simplify the readout of multiplexed SiPM timing channels. In this work a simple passive analog filter is proposed, simulated and tested in single crystal and array measurements.
II. METHODS
A filtering strategy was developed based on the circuit model of an SiPM micro pixel seen in Figure 2 [4] . This model can be simplified as seen in Figure 3a . Given this model the current through the readout electronics is given by:
To push the pole out to higher frequencies the large coupling capacitor Cbig in Figure 2 can be replaced with a smaller filtering capacitor (see Figure 3b ). With this change the transfer function now becomes:
Single SiPM micro-pixel waveforms with different filtering capacitors were measured and simulated based on the non-filtered waveform and Equation 2. Timing measurements were made of single 3mm x 3mm x 20mm lutetium-yttrium oxyorthosilicate (LYSO) crystals coupled to Hamamatsu S12642-0404PA-50 SiPMs biased at 3.9V above the breakdown voltage as seen in Figure 4 . The multiplexing ratio was swept from 1, to 16 and the filtering capacitor value was swept from 100nF to 10pF. Finally timing measurements were made with a 20mm thick, 2 layer DOI array of LYSO crystals (described in detail in a separate work in this conference [5] ) coupled to a position sensitive multiplexed 2x2 array of Hamamatsu S12642-0404PA-50 SiPMs. For all measurements the timing channels were amplified by a Minicircuits ZX60-4016E+ 4GHz preamplifier (Minicircuits, Brooklyn, USA) and read out by an Agilent 2.5 GHz 20GSa/s DSO90254A oscilloscope (Agilent, Santa Clara, USA). For the array measurement timing pickoff was performed by an ADCMP572 comparator when the 10pF filtering capacitor was used. Energy information was obtained from an unfiltered channel on the SiPM anode. All experiments were performed at room temperature with no active temperature regulation.
III. RESULTS
Simulated and measured single micro-pixel pulse shapes are seen in Figure 5 . Both show that the use of a smaller filtering capacitor can drastically reduce the time for the SiPM signal to return to its original baseline to under 20ns.
Timing experiments with single 3mm x 3mm x 20mm LYSO pixels are shown in Figures 6 and 7 . Smaller filtering capacitors improves time resolution down to 10pF, at which point baseline corrected and non-baseline corrected measurements have very similar timing resolutions. With 16 SiPMs multiplexed the FWHM coincident timing resolution was improved from 401 +/-4ps to 248 +/-5ps. With 4 SiPMs multiplexed using a 2 layer DOI array of LYSO crystals the mean time resolution was improved from 277 +/-6ps with a 100nF filtering capacitor to 217 +/-4 ps using a 10pF filtering capacitor and an ADCMP572 comparator for timing pickoff.
IV. DISCUSSION AND CONCLUSIONS
The analog filtering technique proposed in this work shows significant time resolution improvements for multiplexed SiPM readout
